The specificity of a dialyzable component, isolated from rabbit reticulocyte initiation factors, in stimulating protein synthesis was examined. It appeared that this factor (hereafter designated as "iRNA") was able to restore the activity of initiation factor preparations that were inactivated by dialysis. The "iRNA" from reticulocytes stimulated polypeptide synthesis directed by the homologous globin mRNA as well as heterologous lens crystallin mRNAs. No selectivity in its stimulating action with regard to the type of mRNA studied cpuld be observed.
with regard to the type of mRNA studied cpuld be observed.
The source of ribosomes or supernatant enzymes did not influence the effect of "iRNA". However, in an ascites lysate that was dependent on the addition of initiation factors, "iRNA" increased polypeptide formation only marginally, suggesting that in this lysate a similar factor was glready present in an active form. It is concluded that "iRNA" may regulate protein synthesis, but without exhibiting specificity towards mRNAs, at least those tested so far.
Recently Bogdanovsky et al. reported the isolation of a small RNA species that was able to restore the activity of a dialyzed initiation factor preparation (1) . Earlier the involvement of a small RNA in protein biosynthesis was postulated by several authors (2) (3) (4) . Lowering of the level of this RNA might be responsible for the observed decline in protein synthesis after the administration of actinomycin D (3). The assumption was made that this hypothetical RNA with a short half-life was involved in the regulation of protein synthesis at the translational level. It was tempting to speculate that an RNA of this type might play a role in the regulation of protein synthesis by discriminating between mRNAs during initiation. The reported specificity of initiation factor IF3 towards different mENAs (5-7) could well be explained by a mechanism in which an initiation factor bound RNA would interact specifically with a certain mRNA (1) .
We report here that the KCl-wash RNA ("iRNA") from reticulocyte ribosomes does not exhibit specificity towards messengers from different origins and that no specificity was found with respect to the ribosomes and supernatant factors used. Furthermore, we show that a factor with the same type of activity may be found on ribosomes of different Qrigin and that part of this activity is also present in the supernatant.
MATERIALS AND METHODS
Isolation of "iRNA" from reticulocytes Rabbit reticulocytes and ribosomes were prepared as described previously by Miller and Schweet (8) . For preparation of crude initiation factors polyribosomes were suspended in 0.25 M sucrose, 0.1 M Tris HCI, pH 7.6, at a concentration of about 450 A260 units/ml, adjusted to 0.5 M KCl with 4 M KCl, and gently stirred for 2 hr at 00. The ribosomes were removed by centrifugation at 130,000 X g for 3 hr at 40. The 0.5 M KCl-wash, diluted to 50 A4o units/ml, was dialyzed for 5 hr at 40 against 10 volumes of distilled water. The dialysate was Iyophilized, dissolved in half the volume of the original factor preparation, and frozen at -80°in small aliquots.
The dialyzed KCl-wash was adjusted to 0.25 M KCl with 4 M KCl and frozen in liquid nitrogen.
Preparation of ribasomes
Reticulocyte Ribosomes. Unwashed reticulocyte ribosomes were treated with 0.05 ,g/ml of pancreatic ribonuclease A essentially according to the procedure of Crystal et al. (9) , suspended in a medium containing 0.25 1I sucrose, 10 mM KCl, 2 mM magnesium acetate, and 1 mM dithiothreitol (final concentration 5 mg/ml) and frozen in aliquots.
Ascites Ribosomes. Ehrlich tumor ascites cells were grown in tissue culture as described earlier (10 initiation factor or 3 mg of dialyzed initiation factor, 40,pg of mRNA (optimal concentration), 0.1 A260units of "iRNA", 120 mM KCl, 2.4 mM magnesium acetate (this concentration being optimal both in the presence and absence of "iRNA"), 10 mM Tris-HCl, pH 7.5, 2 mM 2-mercaptoethanol, 1 mM ATP, 0.2 mM GTP, 10 mM phosphocreatine, 500 pg creatine kinase, 80 pCi of [35S]methionine (specific activity about 200 Ci/mmol) and the 19 unlabeled amino acids in a concentration as described by Palmiter (14) . Addition of extra tRNA had no effect and was, therefore, omitted. After incubation a 2-pl aliquot was diluted with 100 pl of 0.1 M KOH, 150 pg of carrier protein was added, and the mixture was incubated at 370 for 15 min. Trichloroacetic-acid-precipitable radioactivity was determined by liquid scintillation counting, using a toluene-based scintillator.
Gel Electrophoresis. Analysis of the cell-free products was performed with 14 X 12 X 0.15-cm sodium dodecyl sulfate slab gels, essentially according to Laemmli (15) . Routinely a linear gradient from 10 to 16% polyacrylamide was used. Shortly before use the spacer gel containing 14 or 18 slots was applied. Generally 5 ,ul of an incubation mixture was applied together with 10 ,ug of carrier lens crystallin and 5 pug of globin. Electrophoresis was performed at a constant current of 20 mA until the bromophenol blue had migrated to the end. The gel was stained with Coomassie brilliant blue for 1 hr at 600, destained overnight at the same temperature, and dried down on filter paper before autoradiography (12-48 hr) (16) . The autoradiograms were scanned with the aid of a Gilford spectrophotometer adapted with a film scanner.
RESULTS
In order to perform cell-free incubations under optimal conditions the dependence of the incorporation on the salt concentration was carefully checked in the presence and absence of "iRNA", crude and dialyzed initiation factors, and mRNA. It appeared that optimal incorporation was obtained at 120 mM KCl and 2.4 mM magnesium acetate. This latter value has been corrected for the magnesium acetate present in the ribosomes, the pH 5 enzymes, the initiation factors, and the "iRNA" preparation. These concentrations were used throughout.
Reticulocyte Ribosomes. The addition of crude initiation factors to an incubation mixture containing reticulocyte "RNase" ribosomes, V9 cell pH 5 enzymes, and lens crystallin mRNA resulted in a pronounced increase in the synthesis of globin and crystallin polypeptides (Fig. la) . The same stimulation was observed with globin inRNA (not shown). When lens crystallin mRNA was added some synthesis of globin was also observed, as globin mRNA contaminated the KCl- (c) Effect of "iRNA" on crystallin and globin synthesis in a system containing reticulocyte ribosomes, dialyzed initiation factor, pH 5 enzymes from reticulocytes, and lens crystallin 1OS mRNA. globin or lens crystallin. The apparent inability to synthesize globin and lens crystallin in this system could be overcome by the addition of "iRNA" (Fig. lb) .
When pH 5 enzymes from reticulocytes (shown to contain a significant amount of globin mRNA; see ref. 17 ) was used, the stimulating effect was less pronounced, although the total incorporation was higher due to the presence of extra globin mRNA (Fig. lc) . The reticulocyte pH 5 enzyme fraction itself may have contained a small amount of "iRNA". As can be seen from Fig. lc , crystallin synthesis is stimulated to the same degree as globin synthesis by the "iRNA". This strongly suggests that, at least in this case, "iRNA" from reticulocytes does not exhibit any tissue or species specificity. Addition of "iRNA" to an incubation containing undialyzed factors did not result in a stimulation, indicating that the 0.5 M KClwash contained the "iRNA" in sufficient amounts. Addition of "iRNA" to an incubation from which initiation factors were omitted stimulated the incorporation only marginally.
Ascites Ribosomes. Addition of "iRNA" to an incubation mixture containing washed ribosomes, ascites pH 5 enzymes, and dialyzed reticulocyte initiation factors stimulated incorpo-*-dwrection ot migrat-on FIG. 2. Effect of "iRNA" on the lens crystallin synthesis in the ascites cell-free system. Only the 10-35,000 dalton area of the gels is shown. (a) Effect of "iRNA" on lens crystallin synthesis in a system containing washed ascites ribosomes, pH 5 enzymes from ascites, dialyzed initiation factor from reticulocytes, and lens crystallin 10S mRNA. (b) As (a) except that the pH 5 enzyme preparation was replaced by a crude S100 supernatant fraction. ration significantly in the presence of mRNA (Fig. 2a) . Omission of any one component reduced incorporation to the background level. When the pH 5 enzymes were replaced by the S100 of ascites, some crystallin and globin were synthesized in the absence of "iRNA", indicating that this supernatant contained an activity that could replace the reticulocyte "iRNA" (Fig. 2b) . Addition of the dialyzed initiation factors was required to obtain this effect.
KCl-wash from ascites ribosomes exhibited "iRNA" activity but to a lesser degree than the preparation from reticulocytes (Tables 1 and 2) .
However, the addition of both ascites wash and "iRNA" resulted in a significant and reproducible inhibition as compared with an incubation from which the ascites wash was omitted (compare Table 1 ). When a crude S15 ascites lysate was used that showed almost complete dependence on added initiation factors, only a slight effect of reticulocyte "iRNA" was observed (Fig. 3) ; incorporation in the presence of dialyzed factor was stimulated only marginally by "iRNA" and was comparable with the incorporation in the presence of undialyzed factor. So we have to conclude that in the ascites lysate, which apparently is devoid of active initiation factors, a component with an activity similar to reticulocyte "iRNA" is present. This component is able to simulate the effect of initiation factors derived from a completely different tissue and organism. The effect of "iRNA" on cell-free polypeptide synthesis directed by homologous and heterologous mRNA synthesis is summarized in Table 2 .
Wheat Germ Lysate. Addition of crude KCl-wash, dialyzed Table 3 ). Nature of "iRNA". The active component in the crude "iRNA" preparation is still ill defined. At any rate the factor is operative on the level of initiation and does not affect elongation and termination; this was learned from a series of incubations with polysomes in the presence and absence of pactamycin. § Only circumstantial evidence can be provided about its real nature. The ratio of the absorbance at 260 nm to that at 280 nm is 2. A factor, with a proposed molecular weight of 6500, has been reported to be sensitive to RNase (compare ref. 19 ). We found that our "iRNA" could not be precipitated with ethanol even in the presence of carrier RNA; its activity was completely recovered from the ethanol. We tested also several nucleotides, including AMP, ADP, GMP, GDP, guanosine tetraphosphate, cyclic AMP, cyclic GDP, and cyclic IMPl, with negative results. Likewise, tRNA showed no activity.
Taking together all observations it seems to be justified to suggest that the active component is possibly a rather small oligonucleotide.
DISCUSSION
The translational control of protein synthesis in eukaryotes has been suggested to involve specific factors that are able to discriminate between mRNAs (5-7 peptides as well as that of rabbit globin chains; the synthesis of endogenous ascites polypeptides was stimulated equally well (not shown). Thus, there was no indication of preferential translation. Moreover, there appeared to be no specificity with respect to the source of ribosomes or supernatant enzymes. The reduced requirement for "iRNA" when supernatant instead of pH 5 enzymes, or unwashed instead of washed ribosomes from either reticulocytes or ascites cells were used, suggests that a component similar or identical to the "iRNA" from reticulocytes was present and was active in these fractions. The reduced activity observed in the presence of both "iRNA" from reticulocytes and KCl-wash from ascites ribosomes can be explained in several ways. First, "iRNA" from reticulocytes may be partially bound to inactivated ascites initiation factors present in the KCl-wash of ascites ribosomes, thus reducing its effective concentration. Second, the "iRNA" from ascites may be different from reticulocyte "iRNA" and com- restoring the activity of the dialyzed reticulocyte initiation factor preparation. The inhibition observed in the presence of both reticulocyte "iRNA" and ascites ribosomal wash resembles to a certain degree the inhibition described by Heywood (19) . However, we detected no selectivity for calf lens crystallin, rabbit globin, or endogenous messenger present to some extent in our ascites system. Addition of reticulocytes "iRNA" to a wheat-germ extract programmed with either globin or crystallin mRNA resulted in a significant inhibition. Also, the addition of crude or dialyzed initiation factors from reticulocytes to this system resulted in a reduction of incorporation to about 40% of the original value. However, wheat germ may not be suitable to test these factors, for there are indications that in the wheat-germ system initiation is regulated in a slightly different way from that in other eukaryotes. In conclusion, it appears that a relatively small RNA species, present in mammalian cells, regulates initiation of protein synthesis, without discriminating between mRNAs, at least between those tested. So far it cannot be excluded that there rIlay exist several species of "iRNA" with the ability to discriminate between classes of mRNA. If so, rabbit globin mRNA and calf lens crystallin mRNA, as well as mRNAs present in the ascites system, would belong to the same class. Note Added in Proof. Some preliminary experiments have been carried out to test the sensitivity of the dialyzable factor(s) to treatment with alkali (Salden, Berns, and Bloemendal, unpublished). These experiments show a surprising resistance to such a treatment, which means that the suggestion that the new factor is RNA must be regarded as uncertain.
